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(54) Single reactor process for preparing acrylic acid from propylene having improved capacity 



(57) This invention relates to an innproved process 
for preparing acrylic acid from propylene using a single 



reactor utilizing an increased amount of propylene re- 
actant thereby providing increased capacity and 
throughput. 
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D scription 



f??JL. »° ^" '"^P^oved process for preparing acrylic acid from propylene using a single reactor 

ncSaTed conl^^^^^^^^^ iTf *° ' T''"" """^^^^ ^^^^^""9 -^^"^ pTylenTSg a^ 

SS^l Th™l Of propylene reactant thereby providing increased capacity and throughput 

preparation of acrylic acid from propylene generally proceeds in a vapor phase two step catalvtic oxidation 
reaction. In the first step propylene is oxidized in the presence of oxygen, diluent Inert SssrSteVvalr an^^^^^ 
propriate catalysts to produce acrolein according to equation (I)- ^ " 



CgHg + Og => CgHgCHO + + heat 



(I). 



The acrolein is then oxidized, in a second step, in the presence of oxygen, diluent inert aasses water vaonr anH 
appropriate catalysts to form acrylic acid according to equation (II). ^ ' 



CgHgCHO + J4 ©2 => CgHgCOOH + heat 



(II). 



f^!l .r'^ ® u "^""^ P^^^^ '^^'^'^''^ °' propylene to acrylic acid is generally performed usino either 

TT3 3^8TZlr" " " "'"'^^^ ^♦^P < ^-S- ««« the description in" S pZt No 

S ?h!?/ T ^ *° ='^P^ '^-S- description in U.S. Patent No 4 526 783) 

o^.^imnn .H^ ^^''"'^'''^P^'^'' """"S ^ P^^^« '^^^^'y*'^ ^'^'^^"o" reaction is present in a rnixed prSuct 
t ^/ T'"' °^"«^^"y' 'f^^ "^i'^ed product gas is cooled and Is contacted with an aqueous Smln S 

?SerSndeTc;\to^ 

Srwater vaoor CO ^ Ihe reactants feed gas composition, the absorber off-gas may contain inert gaies. 
c^wate vapor. CO. CO2. unreacted propylene, unreacted acrolein and/or acrylic acid 

S oas and '° ^' '^""'^ °* ^'^^^^"^^ '^^'^'^ '<> Provide inert 

a hfgh ??oDvJene?onc!^^^^^^^^ composition. The propylene in the reactant composrtion must be diluL because 

aLsorLr oS H K P'°°^^ ^'"''''^'y ''^^^'"^ t° 'control. Recycle of the 

absorber off-gas provides the necessary diluent gasses and steam to the reactor feed to assure a suitable proov ene 

rXin«t°"- '° ^^^^'^^ water gene^Ited by th^pZsi by 

t ? ''f'" '^'^ *° P^^'^"^^ Furthermore, small amounts of unreacted propytene anS 

bv oS m^Tnn? ""^^"^^ ^^'-^''y ""P'°ve the overall acr^Hc a^d yteld 

by optimizing conversions of propylene and acrolein. o^-iyiR. «jcia yieia 

[0006] When absorber off-gas recycle is not used, steam and nitrogen are used as the primary diluents Steam is 

Of hTSXcS'ucTo^^^^^^^ r ^^'^'^"^ ^''"'^ reaclS and Is part 

^ u ^ ®^ emerging from the reactor. When the mixed product gasses are introduced into the ab- 

ra^sTor^hirugr^^ 

L^s°r2:vcVe°fe non'.iH'f arises with absorber off-gas recycle. In contrast to the situation wherein absorber off- 

m^olVuZlSL^^^^ T^^" °' °^ '^^^^^^ ^"'""^^ o' inert gas flowing 

nSn ^ '^'^y'^'^ »he off-gas is predominantV an inert gas such as 

conrnTeS'^^^^^^ 'Tf '"^^ absorber they'do not gen 

rTnL !. ?u absorber bottom, but rather remain part of the product gasses flowing through the absorber 

£ri« ^"ir- '""'^^'^^ '"^'^ '"i'^^d P^°duct gasses introduced into thrrsf^er cSseL an 

.ncrease ,n the velocity of the gas flowing through the absorber. This results in a load at the top of the ateorbT / Jthe 

Sher iS to wale or r- " 'TTk""^ "T"' °' ^"^''^ ^^'^ '^'^^ abso*er ^s a^d 2^ 

in catalTs t^TcZV^^T ''^''J^ "^^^ *^ ^^^^^'^ "^^"^ ^° " '^^n cause a decrease 

Is acTd y?er" °' " '° "^^'^ °^ ^^^^^'^^ ''-^ »° --^-^ 

5?!?dLti?n mTvTrr?' '""^ "^^^ '° P^°Py 'ene the gas feed to a manageable concentration 

^.e trioSuon n \ T^^' °' ^^'^'■"9 ''^^ 'materials or both. Because 

dVnn ?o propylene to acrylic acid is highly exothemiic. as the propylene concentration gets higher the 

^onLplnrrhTo^d'^^^^^^^^ "T'^r """"^ •^^^-^ explode ingn ted 

trrt^?n ml rlll^^ I propylene to acrylic acid is generally practiced in the art utilizing a propylene concen- 

tration ,n the reactant gas teed composition of between 4 and 7 volume percent of the total reactanUe^ compSrtton 
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(see for example col. 2. lines 42-46 of U.S. patent No. 4,873,368). Accordingly, to assure control of the oxidation, 
propylene is diluted with steam and /or inert gasses such as nitrogen and combined with oxygen to form the feed 
composition. As a result, there is an additional bad on the compressor which limits the capacity of the system. Con- 
sequently, any increase in capacity would require a larger compressor to handle the larger load. 
5 [0009] As a result of the extra load on the absorber and on the compressor there is a limit on the capacity of the 
system which heretofore could not be remedied except by installation of larger equipment. 

[0010] A further problem exists when tandem reactors are utilized. In tandem reactors there exists a high volume 
interstage between the two reactors through which the acrolein produced in the first reactor passes to the second 
reactor. This results in a longer residence time, compared to a single reactor, of the acrolein product in the Interstage 

10 which may lead to homogenous reactions of acrolein and/or formation of foulanls. Foulants may be formed by. for 
example, corrosion and deposition processes. Such homogeneous reactions are generally not catalytic, but rather are 
free radical reactions of acrolein which produce carbon oxides such as carbon dioxide and carbon monoxide; as well 
as other products such as acetaldehyde. Consequently, because of the longer Interstage residence time in a tandem 
reactor process, steps such as cooling, reaction quenching, and acrolein dilution must be taken to reduce such homo- 

'5 geneous reactions of acrolein. In addition, the equipment and piping of the interstage is susceptible to gas leaks. 

[0011] U S Patent Nos 4.365.087 and 4,873,368 have dealt with the problem of increasing process productivity/ 
capacity by raising the propylene concentration level. However, the processes In these references used a tandem 
reactor prc>:oss vyhercby either the temperature of the feed was limited (< 260*C), the oxygen to propylene ratio (1 .1 
- 2.0 : 1 . prcio'rtbiy lower than 1 8) was kept k>w, additional oxygen and inert gas was fed to the second stage reactor, 

20 and the rortCiKxi whs gucncfjod somewhat before introduction to the second stage (•087) or the oxygen to propylene 
ratio (1 17 - 1 66 1 ) wnt> even lower, additional oxygen and inert gas was fed to the second stage reactor, and the 
reaction whs qucnchcc somcwftal before introduction to the second stage. Accordingly, the basis of the technique 
relied on two mechanisms lor controlling the reaction at higher propylene concentrations: 

(1 ) tightly controlling the temperature before entry into the first stage reactor and/or the second stage reactor; and 

(2) limiting the amount of oxygen initially available to the first reactor for oxidation of propylene to acrolein and 
then adding more oxygen and diluent at the interstage before the second stage reactor so that the second reactor 
feed has a stoichiofnetrically sufficient amount of oxygen to albw suitable oxidation of acrolein to acrylic acid. 

30 [0012] However, this technique is unavailable for a single reactor system because it is implausible to add further 
oxygen and inert gas and quench the reaction at the interstage because both reactions of equations (I) and (II) occur 
in each of the reactor lubes of the single reactor 

[001 3] U.S. patents 4.256,783 and 4,203,906 describe a single reactor system which is useful in a variety of catalytic 
vapor phase oxidation reactions including the preparation of acrolein and/or acrylic acid. However, the example relating 
35 to acrylic acid (see columns 9 and 10, Example 5 of the 783 patent) does not utilize a reactant feed having a higher 
propylene concentration. 

[001 4] The present inventors have now discovered that with the single reactor system described herein it is possible 
to provide feeds to the reactor which contain a higher concentration of propylene than previously thought. Such higher 
concentration feeds are accomplished without the need to utilize a lower oxygen:propylene feed ratio, quenching of 
the reaction between stages and the consequent addition of oxygen and inert gas to the second stage to assure proper 
stoichiometry. Consequently, less absorber off-gas is required for dilution so that loads on the absorber and compressor 
are lightened resulting in an increase in capacity without additional capital expenditure. 

[001 5] Furthermore, a process is provided wherein homogeneous reactions of acrolein, as well as other interstage 
reactions, and interstage gas leaks are substantially eliminated. 
45 [001 6] Accordingly, a novel process for preparing acrylic acid from propylene is described herein wherein the following 
advantages are provided: 

(1) increased throughput/capacity is provided without additional capital expenditure; 

(2) downstream debottlenecking is realized through producing an aqueous acrylic acid stream in the absorber 
50 having a higher concentration of acrylic acid because less water is condensed and less acrylic acid is lost overhead 

in the absorber; 

(3) since there is less water condensed in the aqueous acrylic acid there is a reduction in the waste generated by 

the process; 

(4) less system energy is required becaus of the reduced compressor load; 

55 (5) there is a tower pressure drop in the reactor, due to increased feed composition, which offsets increased pro- 

pylene partial pressure, thereby preventing lower acrylic acid selectivity resulting from higher propylene pr ssure; 
and 

(6) interstage problems are substantially eliminated. 
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llnll R !nw t '^1^^°^^"' °' "»Ofe catalysts capable of catalyzing oxidation of propylene to acrolein reaction 
^arcoSg^cS^^^^^^ 

Son'"f^ P'^^^"' invention, there is provided a reactant feed composition for vapor phase 

oxygen in an amount suitable to provide an .oxygen to propylene ratio of 1 6 to 2 2-1 0 oLio r>^roLf Z.. ■ 

2 SSJ ' "°" "J^i '"""'"^ °"* ""'»<'"»™ <" P'o<»8« <" ths present invention. 
OM^ f SZ 1 2SS ""bodment « » ,eaao, useful in «,e process ol the present invention. 
'Z,L. ' ^ ."Oodiment o( a caleiytic eootact tube of a reMo, useful In tn. process of the present 

^?6] Throughout, this specification and claims the terms "water vapor" and "steam" are understood to be synony- 

s'iIl?n\ho '^.^ '"^^ ""^e^stood to mean greater than 50 percent by volume of the total compo- 

fSl ThT.Trr-"°' ^"~r" ""^''^'"^ "^^^ '^^^ than 50 percent by volume of the total ZpS« on 

~?leling i^sub^v he\^^^^^ t""'"' '° '^^ '^"^^^"^ °' ^^P^^'^' "owing materials 

or rSaS ""''''^"''^"^ ^^'"^ 9^"^^^' ^'^^'^t'^"' ^^a?^^'^^^ °' any alterations such as meandering, transverse. 

^«!L. '^"^ "countercurrent" as used herein is meant to indicate that the current of separate distinct fiowina 

~:™dfa;7or^""'^^^^°^^^^^^^ 

^affleZ a^lioTsTthe^^^^^^^ " Z"^"' *° '"'""'^ ^""'""'^^ participat in, is 

surri nlil 's otherwise inactive in the acrylic acid reaction system disclosed herein. Accordingly a material 

i cons!de7edTne;' ' " ^'^^ ^^stem of the p^sent lnve^trc^ 

[0031] The temi "catalyst' as used herein refers to pure catalysts, or pure catalyst provided on a support, by coating. 
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impregnating etc.. such pure catalyst on a support material. Accordingly, the terminology 100 percent catalyst refers 
not only to a material which is pure catalyst, but to 100 percent of a materia! which includes catalyst on a support 
material and/or impurities when purchased. That is. 100 percent catalyst refers to 100 percent of the catalyst as pur- 
chased, whether it be as neat chemical or with a support material. 

5 

The conversion % of propylene = (# moles propylene converted / # of moles propylene employed) x 100. 
The selectivity % of acrylic acid = (# of moles of acrylic acid produced / # of moles propylene reacted) x 100. 
The yield of acrylic acid = (# of moles acrylic acid produced / # of moles propylene employed) x 100. 



75 



The yield of acrolein = (# of moles acrolein produced / # of moles propylene employed) x 100. 



[0032] As recited above, the process for preparing acrylic acid from propylene includes feeding a reactant compo- 
sition into a reactor. The reactant composition includes propylene, oxygen, water vapor, and inert gas. 

20 [0033] The propylene used may be from any source and may be any grade suitable for an acrylic acid producing 
vapor phase oxidation reaction. Suitable grades include, but are not limited to, polymer grade (generally greater than 
or equal to 99% propylene), chemical grade (generally greater than or equal to 94% propylene), and refinery grade 
(generally fjreater than or equal to 60% propylene). In a preferred embodiment, the propylene is chemical grade pro- 
pylene. Use of chemical grade propylene has the added advantage of providing combustible materials such as propane 

2S which are present as impurities. The propane provides more inert gas to the system, but more importantly provides 
fuel for the thermal/catalytic oxidation or incineration of that portion of the absorber off-gas which is not recycled. 
Accordingly, the propane impurity enters the thermal/catalytic oxidizer or incinerator with the absorber off-gas and 
reduces the additional fuel required to burn the off -gas. Generally, chemical grade propylene contains up to 6 percient 
combustible impurities and refinery grade propylene contains up to 40 percent combustible impurities. 

30 [0034] Propylene is generally present in the reactant composition at greater than 7 percent by volume of the reactant 
composition. In one embodiment, propylene is present at a range of from 7.01 to 11, preferably, 7.01 to 9 percent by 
volume of the reactant composition. 

[0035] The oxygen in the reaction composition may be provided by any material containing an amount of oxygen 
sufficient to maintain the oxidation reactions In equations (I) and (II) above. Suitable examples include, without limitation, 
3S air, oxygen-enriched air, pure oxygen, and mixtures of pure oxygen and at least one inert gas or mixtures thereof. The 
preferred source of oxygen is air. Typically oxygen is present in the reactant composition in an amount suitable to meet 
the stoichiometric needs of the reaction. Generally, an amount of oxygen which will provide an oxygen/propylene ratio 
in the reactant composition of 1 .6 to 2.2: 1 .0. preferably 1 .6 to 2.0: 1 .0, is provided. 

[0036] The water vapor in the reaction composition is generally present at a range from 2 to 12, preferably 5 to 11 
40 percent by volume of the reactant composition. The water vapor may be provided by absorber off-gas recycle, or be 
otherwise generated and provided to the reactant composition or may be provided by both absorber off-gas recycle 
and generation. 

[0037] The inert gas used in the reaction composition may be any gaseous material or mixtures of gaseous materials 
which is inert to the oxidation reactions depicted in equations (I) and (II) above. Typical examples include, but are not 

45 lihriited to, nitrogen, carbon dioxide, helium, argon, propane and carbon monoxide, or mixtures thereof. The preferred 
inert gas is nitrogen or a mixture of nitrogen with at least one other inert gas. The inert gas generally constitutes a 
major amount of the remainder of the reactant composition which is not propylene, oxygen, or water vapor Generally, 
the inert gas is 50 to 99.9, preferably 60 to 99.9 volume percent of the remainder of the reactant composition. 
[0038] As recited above, the reaction composition may optionally include at least one inert gas which is suitable for 

so use as fuel for thermal oxidation/incineration of waste absorber off-gas. Such inert gas fuel may be provided as part 
of the impurities in the propylene feed, as part of the absorbec. off-gas, or as the neat chemical. Suitable examples 
include, but are not limited to, propane, ethane, methane, butane, pentane or mixtures of one or more of the above. 
The preferred inert gas fuel is propane. Generally, such inert gas fuel is present in a minor amount in the remainder 
of the reactant composition which does not include propylene, oxygen and water vapor. Generally, the inert gas fuel 

55 is 0.001 to 49.9, preferably 0.1 to 20 volume percent of the remainder of the reactant composition. 

[0039] In a preferred embodiment, the water vapor and inert gas and optionally at least a portion of the inert gas 
fuel, of the reaction composition, are provided by recycle of the absorber off-gas to the reactor. Generally, an amount 
of absorber off-gas is recycled which is suitable to provide the appropriate amounts of water vapor and inert gas. 
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more perlorajcd .ubesheets which divide .he reactor into two or more heat transfer zonls ' °' 

^^OHt!lZTatT^T °' ^ '""^ °' ^'^'^'^ individually or in combination 

c» m x,l e^o preparat.on of acrylic acid from propylene. At least one of the reaction zones contains^ 

™cnros 9 ^ T"^ ''^ preparation of acrylic acid from propylene. In one embodiment, each of the 

ac"oSn hS?,o^^^ ""T"^ ^"""^'"'"S ^^P^'"^ °' ^^^^ly^ing oxidation of propylene to 

tha! he rc c.^l L . f °' '"^-^wined or be disposed within the contact tubes 9 sequeLlly so 

that the reoctr>nts ccntnci reaction zone A first and then reaction zone B 

i?!?? ""^ omboa,menl each of the plurality of contact tubes 9 Include reaction zones A and A' which 

Td B v^"." °' '^^^^'y^'^S °' P-Py'-- 1° acrolein and reaction zone^B 

embLirr ? °' ^^P^'^'" °* ''^'^'y^'"^ '^^'^''^'^ a'^^o'-n to acn^lic acid In one 

TJ^r A and A- have a different catalytic activity for converting propylene into acrotein anior 

rr^lT f ' ^ ^ ""^"^ ^ clifferent.activity for converting acrolein to acrylic acid 

[0043] In another embodiment, the two previous embodiments may be combined so.that each contact tube 9 mav 
have reaction zones A. A' and B; A. A", and B'; A. B. and B- or A' B and B" ^ 

fJS^Lnon iror^eT? f r ° P""""' ^^'9h. catalyst is disposed between A 

type reaction zones (e.g.. A or A" etc.) and B type reaction zones (e.g.. B or B" etc ) in each contact tube 9 Genpraiiv 

zio^TjJT^^z^izi io^ T' ' '"^'^"^^ orer?:i:t zonfcTs'i^ 

LriL L^l I .K ^ ^ ^ P'^^^"^^ embodiment, the reaction zone C is packed with a high surface 

fnclLTLlumr , 'h''^^"''?:^"'^"'^ 

nclude, alumina, alundum, mullite, carborundum, steel including stainless steel, copper, aluiiinum and cerai^S Fur 
he more, as stated above the material should be in a form in which its outer surface are^sZeTcS w^^^^^ 
mriitation, small spheres, cylinders, rings, small pieces, filament, meshes and ribbons ^ ^' 

[0045] Because of the short length of the reaction zone C, the reaction gasses have a short residence time in this 
zone Of the contact tubes. As a result of this short residence time, the problms recited abo^JhTch are!nhTren, n a 

Scu r" ^Tzl'f'^aTenT^^^^^^^^ 

^ZeVtii^ZmZLT r ^ ? ^T""^ ^'^^ P^''''"^ ^^^^ <=<='«=*°"s tend to reduce 

!!^e ;XuorLa,7on " '"'""'^^""^ """^^V of the system and therefore reduce 

gasses flow into reaction zone A at the bottom of the reactor The first layer 13 in the bottom o cc^^tact^UibeTs a 

siSc^ bornUriLaT'°"- ZT^ °' ''"^ "'tride. siLn bo'dt 

SrtS,-Tber rrLtn^^^^^^^ -'"-i-^o^o-'-.e. carborundum 

SnSnic^e ,Tore7a?d J,rr'"H °' '' ^ ""o" '^"'^""^ "«9"«s*"'" °xide. magnesium oxide-alu^ 
c^J^ olfo n • ! ^ ''^^^'^ materials. Suitable diluent materials are available, for instance, from Norton 

Si^n rc^rri4 Re°T '^P'f »° '''^ temperature of the heat transfer medium before it enters 
aSna^^Hii f T ■ xT^ ^ " ^ """^"'^ ^ '^^'^'y"' ^^P^"'^ °' catalyzing the oxidation of propylene to 

dTut ontr.hr.°ir,'"t '"'r ^'^^ P'°Py'^"« concentration. Determination of the amZ^^^ of 

flows up the tube, the temperature increases as the reaction rate increases, then cools down as the propylene con- 
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centration decreases. 

[0047] From reaction zone A 14 the reaction gasses flow into reaction zone A' 15 which has a higher catalytic activity 
than zone A 14. As a result, the reaction rate increases again and then decreases with declining propylene concen- 
tration. Zone A' 15 is longer than zone A 14, generally at least 50 % longer, because more exposure to the higher 
s activity catalyst is needed to convert substantially all of the propylene to acrolein which is being generated in situ in 
reaction zones A 14 and A' 15 along with some acrylic acid. Preferably, the ratio of the length of AVA is 1 .0:1 to 3.0:1 , 
more preferably . 1.5:1 to 2.5:1. 

[0048] After traversirig reaction zones A 14 and A' 15 the reaction gasses enter reaction zone C 16 which contains 
no catalyst but rather is packed with stainless steel Raschig rings or other suitable heat transfer material which have 

10 good heat transfer properties and increase the surface area of zone C. Reaction zone C 16 begins in the first heat 
transfer zone 11 and extends past the perforated tubesheet 10 into the second heat transfer zone 12. Reaction zone 
C 16 provides a short time for cooling the reaction gas to help control the oxidation reactions. 
[0049] After passing reaction zone C 16 the reaction gasses enter reaction zone B 17. Reaction zone B 17 is a 
mixture of a catalyst capable of catalyzing the oxidation of acrolein to acrylic acid and a diluent material. As described 

IS for reaction zone A 14, the mixture of catalyst and diluent material is less active than pure catalyst, thus making the 
reaction cooler and easier to control at the high initial acrolein concentration generated in situ in zones A 14 and A' 
15. Also, as described above, determination of the amount of dilution of the catalyst is within the skill of those skilled 
in the art and generally is dependent on, for example, the particular catalyst utilized as well as the age of the catalyst 
and the operating conditions of the process. As the gas flows up the tube the temperature increases as the reaction 

20 rale increases, then cools down as the acrolein concentration decreases. 

[0050] From reaction zone B 17 the reaction gasses flow into reaction zone B' 18 which has a higher catalytic activity 
than zone B 1 7. As a result, the reaction rate increases again and then decreases with declining acrolein concentration. 
Zone B' 18 is longer than zone B 17. generally at least 50% longer because more exposure to the higher activity 
catalyst is needed to maximize conversion of the acrolein to acrylic acid. Preferably, the ratio of the length of B7B is 

2S 1.0:1 to 3.0:1. more preferably 1.5:1 to 2.5:1. 

[0051] The mixed product gas containing acrylic acid then flows out of the contact tubes 9 of the reactor 7 through 
a layer of. inert material which is larger than the catalyst. The inert material holds catalyst within the contact tubes 9. 
Normal gas flows will not blow catalyst out of the tubes, but abnormal conditions might result in high gas velocities that 
could 

30 [0052] In one embodiment, the reactor 7 contains greater than 15,000 contact tubes 9. In a preferred embodiment, 
the reactor 7 contains greater than 25.000 contact tubes 9. The contact tubes 9 utilized are those generally known and 
used in the art. The contact tubes 9 may be arranged in any suitable arrangement known in the art. Such suitable 
arrangements are described and disclosed in. for instance. U.S. Patent Nos. 4,256,783: 5,151.605; and DE 2,201.528. 
[0053] Any catalysts suitable for the vapor phase catalytic oxidation of propylene to acrolein and acrolein to acrylic 

35 acid may be used in the process of the present invention. Such catalysts are known in the art and are described in, 
for instance U.S. Patent Nos. 3,775,474; 3,893,951; 3,954,855; 4,075,127; 4,365,087; 4,873.368; 5,144.091; 
5.177.260; 5,198.578; 5,264.625; 5.739,391; 5,739,392; WlPO Patent App. No. WO 97/36849; and Canadian Patent 
App. No. 2,114,681. 

[0054] As recited above, the reactor 7 is divided into a first heat transfer zone 11 and a second heat transfer zone 
12 by a perforated tubesheet 10 through which the contact tubes 9 pass. The first heat transfer zone 11 generally 
corresponds to that portion of the reactor 7 where the oxidation of propylene to acrolein predominantly occurs in the 
contact tubes 9. In a like manner the second heat transfer zone 12, corresponds to that portion of the reactor 7 where 
oxidation of acrolein to acrylic acid predominantly occurs in the contact tubes 9. It is also recognized that some oxidation 
to acrylic acid may occur in reaction zones A and A' and oxidation of propylene to acrolein may occur in reaction zones 
45 B and B*. Accordingly the contact tubes 9 are arranged so that the appropriate reaction zones are positioned in the 
appropriate heat transfer zone. 

[0055] Each heat transfer zone has circulating within it a heat transfer medium which is used to maintain an effective 
catalyst temperature profile and therefore reaction temperature. Maintaining a desired catalyst temperature profile is 
required for maintaining the optimum acrylic acid yield and for optimizing catalyst life. If the reaction temperature is too 

so high, more carbon dioxide and carbon monoxide are f omried thereby resulting in lower yields. Furthermore, the catalyst 
will age quicker under excessive reaction temperatures. Of course, if the temperature gets high enough an uncontrolled 
runaway reaction may occur. If not controlled, such a reaction could lead to catalyst destruction and/or explosive con- 
ditions. If the reaction temperature is too low, less propylene will be converted to acrolein and acrolein to acrylic acid 
so that yields will be lower. If the reaction temperature is excessively low, propylene and/or acrolein may travel down- 

ss stream leading to serious consequences. 

[0056] The heat transfer medium circulates within each heat transfer zone thereby transferring heat from thos outer 
portions of the contact tubes it contacts in the particular zone. The first heat transfer zone 11 is maintained at a tem- 
perature of 250 to 450. preferably 280 to 380*C; and the second heat transfer zone 12 is maintained at a temperature 
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transfer medium tempe^ture b^ r c ^m^crJ^se l^^^^^^ temperature. Generally. Increasing the hea, 

catalyst will lose activity as it gLs oTde TSm^/nLi T r ^f^P^^^*"^^ '^^ 2-3 -C. As Is known in the art the 
ductlon Of acrolein and acrylic aci^ at deJirld 3 ' ''^^^'^'^'^ '"creased to maintain pro- 

E. "r.':^"™::.TT.ZlZ:^^^^ ^ - ^he particular reactor system 

gasses through the reactor It is undersJx^ t^^T, t^^urSnf 

to Side in the reactor 7. In an a J,^S^^l2diient^"Z ^'^"^ '° '° '°P °^ «*de 

current with the flow of the reactam gassL t^^uohThi r^^^^^^ transfer medium circulates within the reactor counter- 
circulates Within the reactor both c<5uient w 'tt L "te ea'cfln the heat transfer medium 
towards the center of the reactor in a rr^^ander^ia flowTn I f^.^^^^ ? ^ ^""^ transverse both away from and 
transfer medium is provided. ^.S P^^rulTVZjB^t^^^^^ ^ ''^P^^^ °' '""^ 
disclose contact tube and bafHe arraCmen^ ' in cSI^^^^ 5,739.391; and DE 2,201.528. describe and 
countercurrent. transve,se and bypTs" ffoTs of the hStlf P^^^''^^ ^"'^^nt. 
by reference for their teaching o7heat t ansi° ^ediu^^^^^^^ l"""' ^^'^^"'^^^ ''^'"S incorporated hereir^ 
thermore. it is understood that S,e bafflS may be arTnaed ^"^"S^'"^"'^ ♦° accomplish the same. Fur- 
spacing between baffles. ' -..or.geo so as lo nave equal spacing between baffles or variable 

50 to 70 percent by weigh, po.assil^tat Tnd 6^^^^^^^^^^ °' ^ '° ^^^'^^^"'^ 

altemative embodiment, the salt melt mav include pre erably 50 to 30 percent by weight sodium nitrite. In an 

or as an .additional componem ofTh^ sTn^^r?he SlTrn f ! ^ ^^^'^'^ ""^"^ °^ ""^ate 

percent by weight of the total s^coSoSn Sh^^^^^ "P *° ^0. preferabty up to 10 

both oleaginous and synthetic heat transfer fluSnLh tT ! . !! ' mediums include heat transfer oils, 

s^cH a3 sodium, ti. mlrcu^. as S ^r^^^VaC^^^^^^^^^^ ^-s 

Smr^tire^^"^^^^^^^^ 

follows. The heat transfer le6i^Te^^^^^tlrT^^^^ T Z "'^^^ described as 

transfer medium flows into a chalS and 20b w^^^^^^ f>l"ral.ty o po.nts. In a preferred embodiment, the heat 
then flows from the channel 20a and 20h fnto f ? co-^Pletely circles the reactor 7. The heat transfer medium 
the heat transfer medium"rows°nto^^^ ''7? """'^'^ °' AccordingV, 

around the contact tubes andts Src^d SrcenTer of the7^ 'TT ^""^ transfer medium flows 

a large hole in the center The heaUransfer mSi? ^ ^^'^^'^^Z ^ ^ baffle 21 which is a steel plate with 

of the reactor by a disk baffle 2S wNch?s^^^ ^"^ '^^'^^^ ""^'^ ^^^^^ the perimeter 

medium flows through a serierorthrdouolfnu^^^^^^^^^ °' ^^^t transfer 

transfer medium with the reactart aaLerf^L i^T « ! ' establ.sh.ng a cocurrentAransverse flow of the heat 

Windows through exit c^rn2r2?a and 21 b' S arT^hl .7'' f ''^ '^^"^'^^ '"^^'""^ ^^^^^ »h^°"9h 

recirculation. *° ^^''V '^'^^""el. back to heat transfer medium pumps for 

tSL rdr:reth%Tat^re^ 

returned to the heat transfer meS^m clrcuft ln a ullr nrfr h °' the reactor for cooling and then 

Within the reactor in at least t^oSnc heat t?ansfe?mlS ? embodiment, the heat transfer medium circulates . 

gasses exit the reactor and flow lmo the bc^tom s^I k ^' P^^^uct 

Circulating absorber bottoms sZm Z ItortTon '"''f' " ^"^"'^'^^^ ^°"'^^t with a re- 

mainder is absorbed in the upperTctfon lereThels TT. ^''^ '^"^^ "^"^ °' the re- 

absorber. Any acrylic acid remainfnTin ?hr«h!« k ^ « contacted with an aqueous stream 24 fed into the top of the 
reactor. Some of 7he ^acZ^y '^ZT,: tc^uTa tT "T? " T '° ^ -''y^'^' ^7 to the 

absorb d along with the ac^ He ac^^ Unrel.^^ ^ . ' '"''^^'^^^y'^^- -^'^'c acid and other organics. ar 

propane. CO,, O,. CO and N^arrnot aZbS Th"! ^ ""^'^'^'"^ '"^^ f"^' ^ -"^^ as 

absorb roff-gas is aery ic acid as well !iS^h h 7 '''' ^ °«-9^« Also part of the 

off-gas is sen, to the t?^^ r^^ 'cJaTyJ^^^^^^^^^^^^^^ T^^^ . The'absorber 

r00e2, -a.ueouss.ream2.m^ayra'nr-::;— 
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wastewater stream or a mixture thereof. Typically, if a waste water stream Is utilized the stream will contain a major 
amount of water and minor amounts of acrylic acid, acetic acid, distillation sotvent(s). or mixtures of one or more ther of. 
In one embodiment, the recycled wastewater stream contains less than 3.0. preferably 0.001 to 2.5. nnore preferably 
0.001 to 1 .5 percent by weight acetic acid. 

s [0063] In a further embodiment, the aqueous stream 24 includes a polymerization inhibitor. The polymerization in- 
hibitor may Include a water soluble or alcohol soluble polymerization inhibitor. Suitable examples include but are not 
limited to, hydroquinone; 4-methoxy phenol; 4-ethoxyphenol; 4-propoxyphenol; 4-butoxyphenol; 4-heptoxyphenol; hy- 
droqulnone monobenzylether; 1 .2-dihydroxyben2ene: 2-methoxyphenol; 2,5-dichlorhydroqulnone; 2,5-dl-tert-butylhy- 
droquinone; 2-acetylhydroqulnone; hydroquinone monobenzoate; 1 .4-dlmercaptobenzene; 1,2-dimercaptobenzene; 

10 2,3,5-trimethylhydroqulnone; 4-aminophenol; 2-aminophenol; 2-N, N-dimethylaminophenol; 2-mercaptophenol; 4-mer- 
captophenol; catechol; monobutylether; 4-ethylaminophenol; 2,3-dlhydroxyacetophenone; pyrogallol; 1 ,2-dimethyl- 
ether; 2-methylthlophenol; t-butyl catechol; dl-tert-butylnitroxide; dl-tert-amylnitroxide; 2,2,6,6-tetramethyl-pipeiridiny- 
loxy; 4-hydroxy-2,2.6.6-tetramethyl-piperidlnyloxy; 4-oxo-2,2,6,6-tetramethyl-piperldlnyloxy; 4-dlmethylamino 
2,2.6.6-tetramethyl-plperidinyloxy; 4-amino-2,2,6,6-tetramethyl-piperidinyloxy; 4-ethanoyloxy>2,2,6,6-tetramethyl- 

is piperldinyloxy; 2,2,5, 5-tetramethyl-pyrrolidinyloxy; 3-amino-2,2,5,5-tetramethylpyrrolidinyloxy; 2,2,5,5-tetramethyl- 
1 -oxa-3-azacyclopentyl-3-oxy; 2.2,5.5-tetramethyl-3-pyrrolinyl-1 -oxy-3-carboxyllc acid; 2.2.3,3.5,5,6,6-octamethyl- 
l,4-diazacyclohexyl-1,4-dioxy; copper compounds such as copper dimethyldithiocarbamate; copper diethyldithlocar- 
bamate; copper salicylate; isomers thereof; mixtures of two or more thereof; or mixtures of one or more of the above 
with molecular oxygen. Preferably, the polymerization inhibitor is hydroquinone. 4-hydroxy-2.2,6,6-tetramethyl-pipe- 

20 ridinyloxy, mixtures thereof; or mixtures of one or more of the above with molecular oxygen; more preferably the po- 
lymerization inhibitor is hydroquinone. 

[0064] At least a portion of the absorber off -gas leaving the top of the absorber Is recycled to the reactor as described 
above. The remaining portion is sent to a thermal oxidizer or incinerator wherein the organics in the stream are burned/ 
oxidized for pollution prevention 

25 [0065] The process of the present invention optionally Includes a step (D) stripping light ends from the aqueous 
acrylic acid solution emanating from the absorber 2 In a light ends stripper 28. Typically, the aqueous acrylic acid 
effluent from the absorber 2 is pumped to the light ends stripper 28. In the light ends stripper 28. light ends, including 
acrolein, are stripped but of the aqueous acrylic acid stream. The overhead stream from the light ends stripper is mostly 
water and acrolein which Is condensed and recycled 31 to the absorber. This has the effect of concentrating the light 

30 ends in the absorber and eventually forcing them out in the absorber off-gas. The stripped aqueous acrylic acid solution 
from the bottom of the light ends stripper is introduced Into a separations unit 32 wherein the acrylic acid is isolated 
and purified to provide the desired grade of acrylic acid product. Generally, the concentration of acrylic acid in the 
stripped aqueous acrylic acid solution is 55 to 85, preferably 60 to 80 percent by weight. 

[0066] The polymerization inhibitor introduced into the absorber generally remains in the aqueous acrylic acid stream 
35 and inhibits polymerization of acrylic acid in the light ends stripping process. 
The following Examples are provided as an illustration of the present invention. 

Comparative Example 1 

40 [0067] A feed composition containing 6.9% by volume chemical grade propylene, an amount of air and absorber off- 
gas sufficient to maintain an oxygen/propylene ratio of 1 .9 and 8.9% by volume water vapor were fed to the contact 
tubes of a reactor as described by Figures 2 and 3. The reactants were introduced into the contact tubes which were 
packed with ACF-4 catalyst (zones A and A') and ACS-6 catalyst (zones B and B'), both available from Nippon Shokubal 
K.K. of Osaka, Japan, as described in Figure 3. Zones A and B were diluted with inert Denstone 57® catalyst bed 

45 supports available from Norton Chemical Products Corp., of Akron, Ohio so that zone A was 66% catalyst and zone 
B was 87% catalyst where the ratio of the length of zones A/A' and B/B' are both 1/2. Zones A* and B- contained 100% 
of the ACF-4 and ACS-6 catalysis respectively. The acrylic acid formation reactions were carried out at a salt temper- 
ature maintained at 31 0 to 320 ""C in Zone A and 300 to 310 **C in Zone B for a trial time of 1 2966 hours. The product 
gasses containing acrylic acid were Introduced into an absorption tower to obtain an aqueous acrylic acid product 

50 solution The aqueous acrylic acid solution was stripped of light ends in a light ends stripper to obtained an aqueous 
^ acrylic acid stream having an average concentration of 65.2 weight %. 

Example 1 

ss [0068] This example was run according to the procedure of Comparative Example 1 except that the feed composition 
contained 7.6% by volume chemical grade propylene, an amount of air and absorber off -gas sufficient to maintain an 
oxygen/propylene ratio of 1.8 and 8.5% by volume water vapor and the Zone B salt temperature was maintained at 
280 to 290''C In Zone B. The Zone B salt temperature was different because the Zone B catalyst in the comparative 
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Example 2 



oxygen/propylen/ratio of 1 S aTr 12 by'Su'n^l^ta^vTn^^^^ V!L ^'^^^^^ °«-9a3 sufficient ,o maintain an 
280 to 290 -C in Zone B The Z^e B ^It tPmn.TL. ^"'^ ^ temperature was maintained at 

example was a different age tha^hafus^^^ '^^^^"^^ '^^ ^ ^^^--y^t '^'e compa^tK,; 

the same catalytic activity. Thrtriaftime was 2l^7 h^^^ '^""""^ ^ adjustment in temperature to maintain 

centration of 73 8 weight % was oblled ^"^'"^ ^^'^ ^''^^"^ ^^«^«9« 

S.e?a;dT;i<rriT^^^^^ ^'^'^ ^'^'^'"^^ - 

stream emanating from the light ends sTnpper inc^ised with ? ^'"^'"^ ^""^ concentration in the aqueous 

According,, s.nce the yield o'acrylic actSi:^^^^^^^^^ passes, 

unit volume is increased The ahiiitu tn i^r^,^-^^,, ■ """'"""^"y ^ame. the amount of acrylic acid produced per 

the absorber off-gasTs iHust^ted 21,^^^^^^ '""^"""^ ''^^"^'^ ^'^^^^^ ^'^'Y"'^ a'^W 'osses in 
Generally, as me'prl^XSa?^^^^^^^^^^ 

This relationship is countered in the present invention hJ« 1 .ncreases the acrylic acid yield decreases. 

concentrat^ns. The net result ^s lharthe rrarr^Sd ifess^^^^^^^^^^ ^ ^'^^^^ ''^'^^'-^ 

creased. ^ ® essentially constant as propylene concentrations are in- 



Claims 



1. ^P^--- ^or the vapor Phase oxidation Of p^^^^^ ■ : / 

(A) feeding a reactant composition comprising: 

(i) greater than 7 percent by volume propylene 

(ii) oxygen. 

(iii) water vapor, and 

=/or-^ra:£rS= 

The process of claim 1. wherein the reactant composition contains 7.0t to 11 percent by volume propylene. 
S;ge:^:iXe1a";^ 0^6^^^^^^^^^ ^'^^^^ - - -o-t ^ich provides an 

The process of claim 1 , wherein the reactant composition contains 2 to 12 percent by volume water vapor 

i^a:trp:roftrai;zi:;^ ' r^^^ '"^'"^^ ^ ^^^^^^^ ^ -"'-'"'"9 -talyst at 

7. The process of claim 6. wherein the two or more reaction zones may overlap. 



2. 
3. 

4. 
5. 
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8. The process of claim 6. wherein the reaction zones A and B are disposed within the reactor tubes sequentially so 
that the reactants contact reaction zone A first and then reaction zone B. 

9. The process of claim 1 , wherein the two or more reaction zones Include reaction zones A and A' which contain 
one or more catalysts at least capable of catalyzing oxidation of propylene to acrolein and reaction zones B and 
B' which contain one or more catalysts at least capable of catalyzing oxidation of acrolein to acrylic acid. 

10. The process of claim 9, wherein the reaction zones A and A' have a different catalytic activity for converting pro- 
pylene to acrolein. 

11. The process of claim 10, wherein reaction zones B and B' have a different catalytic activity for converting acrolein 
to acrylic acid. 

12. The process of claim 6, wherein the contact tube further comprises a reaction zone containing 0 percent catalyst 
75 disposed between the first and second reaction zones. 

13. The process of claim 9, wherein the contact tube further comprises a reaction zone containing 0 percent catalyst 
disposed between reaction zones A' and B. 

20 14. The process of claim 1 , wherein the reactor contains greater than 15,000 contact lubes. 

15. The process of claim 9, wherein the ratios of A'/A and BVB are both 1 .0:1 to 3.0:1 . 

16. The process of claim 1 , wherein the first heat transfer zone is maintained at a temperature of 250 to 450 ®C. 

17. The process of claim 1 , wherein the second heat transfer zone is maintained at a temperature of 220 to 450 '*C. 



2S 



30 



18. The process of claim 1 , wherein the heat transfer medium circulates within the reactor cocurrent with the flow of 
the reactants. 

19. The process of claim 1 , wherein the heat transfer medium circulates within the reactor countercurrent with the flow 
of the reactants. 

20. The process of claim 1 . wherein the heat transfer medium circulates within the reactor in at least two distinct heat 
35 transfer medium circuits. 

21 . The process of claim 1 , wherein the heat transfer medium enters the reactor through the shell at a plurality of entry 
points. 

40 22. The process of claim 18, wherein the heat transfer medium circulates within the reactor both cocurrent with the 
reactants and transverse both away from and towards the center of the reactor in a meandering flow. 

23. The process of claim 20, wherein at least one of the heat transfer medium circuits contains a cooling circuit whereby 
a portion of the heat transfer medium of the heat transfer rriedium circuit is circulated to the outside of the reactor 

45 for cooling and then retumed to at least one of the heat transfer medium circuits. 

24. The process of claim 20, wherein the heat transfer medium circulates within the reactor In at least two distinct heat 
transfer medium circuits, at least one of which is a bypass circuit where at least a portion of the heat transfer 
medium circulates in a manner so as to bypass contact with at least a portion of the contact tubes. 

so 

25. The process of claim 1 , further comprising step (C) contacting the nrwxed product gas with an aqueous stream In 
an absorption tower to obtain an aqueous acrylic acid solution. 

26. The process of claim 25, wherein at least a portion of absorber off-gas produced during step (C) is combined with 
55 reactants to form the reactant composition. 

27. The process of claim 26, wherein the portion of absorber off-gas provided Is an amount suitable to maintain greater 
than 7 by volume propylene In the reactant composition. 
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28. The process of claim 25. wherein .he aqueous stream comprises water and at least one polymerization inhibitor. 
LTubZ:C?SS,n -nr^^^^^^ 

30. The process of claim 28. wherein me a, least one polymerization inhibitor is utilized in con,bination with oxygen. 

31. -^^-P^-^- o' Claim 25. Wherein the aqueous stream comprises less than 3.0 percent by weight acetic 

32. The process of claim 31. wherein at least a portion of the aqueous stream is a recycled waste water stream. 

llnZ7ulTJ:ZT '''' ^"'^^ ^^"^^ -rylic acid solution 

34. A process for the vapor phase oxidation of propylene to acylic acid, comprising the steps of: 
(A) feeding a reactant composition comprising. 

(i) propylene, 

(il) oxygen, 

(iii) water vapor, and 

36. A p^cess fc, ^ ^ „„a,fa, „, „^i^ ,„ ,^ ^.^^^ ^^^^^ ^ ^ 

(A) feeding a reactant composition comprising: 

(i) greater than 7 percent by volume propylene, 

(ii) oxygen. 

(iii) water vapor, and 

(iv) the remainder being a major amount of at least one inert gas 
(i) 7.01 to 11 percent by volume propylene 

!lii)?to 12 'l^L7r' f "''^"^ '° ''^''"'^^ ^" '° P~Py'«"« ^««° °' 1 -6 to 2.2:l .0. 

(Ill) 2 to 12 percent by volume wat r vapor and 

(iv) the remainder comprising a major amount of at least one inert gas and a minor amount of at least one 
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inert gas fuel. 

37- The reactant feed composition of claim 36, wherein the at least one inert gas is nitrogen. 
s 38. The reactant feed composition of claim 36, wherein the at least one inert gas fuel is propane. 
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